Stable isotope probing of magnetic-bead captured rRNA (Mag-SIP) indicated clear differences in 24 in-situ organic substrate utilization by major microbial groups between more oxidized (0-2 cm) 25 and sulfate-reducing (2-5 cm) horizons of marine intertidal sediment. We also showed that 26 cyanobacteria and diatoms may survive by glucose utilization under dark anoxic conditions. 27
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MAIN TEXT 29
The microbial community in marine sediments is highly diverse and consists mainly of 30 microorganisms only distantly related to described isolates, whose functions are therefore 31 difficult to predict (3, 9, 11). A recent study indicated a higher functional redundancy in the 32 oxidized top layer of marine sediments, where higher disturbance rates and higher availability of 33 substrates may lead to a community of fast-growing generalists (1). In contrast, a consortium of 34 microbes consisting of specialized fermenting and sulfate reducing bacteria is thought to be 35 involved in organic matter degradation under sulfate reducing conditions (4). However, 36 intermediate metabolites are generally at low concentrations due to their high turnover rates, 37 making in situ identification of the microbial groups utilizing them difficult. We utilized a 38 recently developed stable isotope probing method based on magnetic-bead capturing of specific 39 16S rRNA and subsequent sensitive 13 
AAC GCT YGC ACC CTM CTG ATT). In this study, this probe is basically 60
Gammaproteobacteria specific as we did not detect Betaproteobacteria-related sequences in any 61 of the clone libraries ( Fig. S1 and S2 ). Optimal formamide concentrations in terms of capture 62 efficiency versus specificity were determined as previously described (15), and resulted in a 63 specificity of more than 90% (Fig. S1 ). Clone libraries of reverse-transcribed 16S rRNA from 64 both the total RNA extracts and from the captured 16S rRNA fractions were constructed as 65 described before (15). In addition, clone libraries of the 16S rRNA gene were made from DNA 66 extracted at pH 7.0 using the same phenol-chloroform protocol as for RNA. We compared 16S rRNA and rRNA gene-derived clone libraries, which are considered to 70 represent metabolically active populations and numerically abundant populations, respectively 71 ( Fig. 1 and S1) (5, 8, 14) . Desulfobacteraceae clones were found in similar proportions (6%) in 72 rRNA gene libraries of both depths, but were much more abundant in the rRNA library of the 73 deeper layer (19%) than of the surface layer (2%), suggesting that that this group was mainly 74 active in the deeper layer. Gammaproteobacteria clones were found in almost the same 75 proportions in rRNA gene and rRNA libraries from both layers. Interestingly, cyanobacterial and 76 diatom chloroplast sequences were much more abundant in the rRNA libraries than in the rRNA 77 gene libraries, and nearly all cyanobacteria/chloroplast rRNA gene phylotypes were found in the 78 rRNA libraries (Fig. 1) , suggesting that they were viable and actively growing even in dark 79 anoxic sediments. Moreover, in the Mag-SIP incubations, cyanobacteria and diatoms 80 incorporated all the tested 13 C-substrates in the surface layer and glucose and propionate in the 81 deeper layer (Fig. 2) , which clearly shows that they were metabolically active in both layers. primary producers and heterotrophic bacteria is blurred, as has also been found for oceanic 93 waters (7). 94
There were strong differences in label incorporation between substrates and microbial 95 groups in the deeper layer (Fig. 2) representing the sulfate-reducing zone of the sediment (16). 96
Gammaproteobacteria clearly showed much higher glucose incorporation than other groups, but 97 they were relatively less important for the other substrates. Desulfobacteraceae, which primarily 98 belonged to the Desulfosarcina/Desulfococcus group (Fig. S2) , were main consumers of 99 propionate, acetate, and amino acids (Fig. 2) . The Desulfosarcina/Desulfococcus group is 100 ubiquitous and sometimes predominates in microbial communities in anoxic coastal sediments (3, 101 9, 17) and isolates are complete oxidizing members of the sulfate-reducing bacteria that are able 102 to use a wide range of substrates, but typically do not utilize carbohydrates (4, 23). The relatively 103 minor labeling of Desulfobacteraceae with glucose in the deeper layer may suggest some direct 104 incorporation, but could also be explained by the use of labeled fermentation products produced 105
by Gammaproteobacteria, which were the dominant glucose consumers (Fig. 2) . Webster et al. 106 (22) applied DNA-SIP to study the use of [
13 C]acetate in anoxic intertidal sediment and their 107 results partially agree with our study, as Desulfobacteraceae were indicated as major consumers 108 of acetate. Epsilonproteobacteria, which were not detected in any of the clone libraries in our 109 study ( Fig. S1 and S2) , were the dominant consumers of organic matter degradation and suggest that the major active phylogenetic groups are also the 115 main functional groups in sulfate-reducing marine sediments. 116
Differences in labeling between groups and substrates were much smaller in the surface 117 layer, indicating limited substrate specialization (Fig. 2) . The surface layer also contained the top 118 of the anoxic sediment and it may well be that the small differences in labeling detected were 119 actually due to incorporation by bacteria in this anoxic part of the surface layer. Based on 120 community dynamics in relation to sediment biogeochemistry and in agreement with our 121 observations, Boër et al (1) also suggested a higher functional redundancy in the top layer, which 122 was attributed to high disturbance rates and high availability of substrates leading to a 123 community of fast-growing generalists. 124
In summary, clear shifts in the relationship between active phylotypes and substrate 125 incorporation were observed between the two layers by using Mag-SIP. In the surface, all 126 substrates were evenly utilized by all major groups, indicating limited specialization at the 127 phylogenetic level of this study. In contrast, the major phylogenetic groups were also the main 128 functional groups in the deeper layer, with Gammaproteobacteria dominating glucose utilization, 129
and Desulfobacteraceae, specifically Desulfosarcina/Desulfococcus group, important in 130 utilization of fermentation products. We also showed that the Mag-SIP protocol is sensitive 131 enough to target groups accounting for only 1-2% of the total 16S rRNA clones, which means 132 that it can be used to study in-situ substrates utilization by dominant environmental clades. 
